placed on both self-checking features (for example flow monitors verify proper solution movement through Teflon delivery lines) and fail-safe recovery (engineered into hardware and designed into the automation software). A key hardware element in the fail-safe construction, the opto-isolator interface, has been described previously [1 and 3-6] . With fail-safe operation considerations foremost in mind, a temperature-control system which is controlled by a Digital Equipment Corporation MINC LSI 11/2 computer system and its associated interfaces has been designed and constructed.
To effect temperature control in the chemical reactor vessel the opposing actions of systems that remove and add heat to the vessel contents must be balanced. Since the intended application of the apparatus entails repetitive, statistically directed experimentation [7] [8] [9] , the temperature-control systems must be capable of reaching the designated reaction temperature setpoint as quickly as possible (to maximize ramping), thereby minimizing the overall experimentation time. The heating and cooling systems must respond quickly to computer control signals and must have sufficient heating/cooling capacity to effectively respond to and control thermal anomalies ofchemical reactions (for instance endotherms, exotherms). The interfacing of the compressor on/off function was quite straightforward. A TTL-driven solid-state relay (Crydon, #27F324, Address: E1 Segundo, CA, USA) was installed in parallel with the manual compressor control switch. The manual switch is left in the off position--deferring compressor control to the computer via a single TTL on/off signal. Two important operational enhancements are achieved. First, if the desired bath set-point temperature is greater than 45C, the system can be operated without manual intervention: the computer system can turn the compressor on only when the temperature nears the new designated set-point. In this manner, the full 800 W of heating capacity are used to reach the new setpoint in half the time that would be required were the compressor running (800W heating minus 400W cooling). Second, should there be a failure in the system, as determined by the computer through software or a failure of computer system itself, the interfaces provided will automatically select a default signal and send that signal to the compressor unit. This latter feature derives from the operation of an opto-isolator interface through which the computer drives the compressor relay (see figure 2 ). The bath start-up procedure has been described above. The interfacing circuit (see figure 5 ), permits precise dynamic computer control of the heaters and has reliable fail-safe features. The system design requires two independent d.c. power supplies, 96 VDC, 0.5 A (immersion) and 10 VDC, 4 A (cladding).
Cooling systems
These supplies are powered through independent channels ofthe opto-isolator interface. In the event of a failure, the interface defaults in order to shut off each power supply and the heating stops. The heaters are controlled by selectively powering either d.c. supply (or both) then supplying a voltage (D/A interface) to the proportionating control circuit. Figure 6 explains this circuit. A computational algorithm determines the percentage power to be applied to the heater(s) (0-100o). A corresponding voltage signal (0V-10) is directed to the voltage-to-frequency converter via a D/A interface (unipolar mode, 0 V to + 10.26 V). The frequency output ofthe V/F device has been set to range linearly from 0Hz (0V and 10V, respectively) through external timing resistors (see figure 7) . This frequency signal is attenuated by a factor of 10 and then used to trigger a retriggerable monostable vibrator ('one-shot') whose time period has been set to ms. This scheme reshapes the D/A voltage into a linearly proportioned on/off TTL signal train. As shown, the output state of the 'one-shot' is always high at 10 V input to the V/F device. As the voltage decreases, the 'one-shot' smoothly proportionates between high and low states; at 5 V 
